4-
On June 22, the following :-Battery 11,000 cells, short circuited, gave a deflection of 65°, and a total internal resistance of 193,600 ohms. In both of these series of experiments it will be seen th at the pressure of minimum resistance for an air partial vacuum in the vessel of spheroidal shape and of the dimensions mentioned is about 3 m.m., 3947 M, corresponding to the pressure of air at an altitude of 2 7'4 2 miles, at which height the aurora would from these data have a maximum brilliancy and would be visible at a distance of 499 miles. This result is very different from th at before cited, which was obtained with a hydrogen tube from which the pressure of maximum brilliancy was deduced to be for air 0'379 m.m., 499 M.,* at a height of 37'67 miles and visible at a distance of 585 miles.
As no direct experiments had been made for an air residual vacuum in smaller tubes, the following investigations were made with a tube, No. 342, 1'625 inch (4*1 centims.) in diameter and 22'5 inches (57 centims.) between the terminals, one a ring positive, the other a point negative (see fig. 2 , on the same scale as fig. 1 ).
Fi 'y.
B a tt er y 11,000 cells, deflection when short-circuited 70°, showing a total internal resistance of 151,000 ohms. A t a pressure of 19 m.m. there was a glow on each terminal, but the current was not sufficient to deflect the galvanometer used until it had been lowered to 14 m.m. The pressure of least resistance is therefore Q'69 m.m., 908 M., in the tube in question, and it does not differ materially from 0*642 m.m,, the pressure of least resistance in hydrogen.
A pressure of 0*69 m.m. corresponds to an atmospheric height of 34'7l miles, and an aurora at this height would be visible at a distance of 561'4 miles. (1*9 centim.) in diameter, and 23 inches (58'4 centims.) long between two terminals, both paraboloidal in form, gave the following results :- The pressure of minimum resistance in this particular case is 1 m.m., 1316 M, which is the same as th a t of the atmosphere at a height of 32#87 miles, where an auroral display would be visible a t a distance of 546 miles. I t is evident therefore that not only the dimensions of the tube, but possibly also the shape of the terminals, have a marked influence on the pressure of least resistance, and it is very probable that in the atmosphere where the lateral expansion is practically unlimited, the conditions of minimum resistance are different from those which exist even in large tubes.
The foregoing experiments, which show th at the pressure of minimum resistance is not absolute for any particular gas, but th a t it varies with the size and form of the vessel containing it, seem to point to the conclusion th at the carrier of electricity must be ponderable matter, and not the ether as has been suggested. Professor Stokes considers it most probable " th at the presence of ponderable m atter is necessary for the transfer of electricity from one place to another. A t moderate exhaustions there are plenty of molecules, but they are so close th at they hamper one another's motions. As the exhaustion is carried further there are still plenty of molecules, but they ham per one another less, and therefore the facility for the transfer of electricity is increased. But when the exhaustion becomes extreme, there is a loss in the facility of transfer from not having enough molecules; and as the exhaustion is still further continued, it is easily conceived th at more may be lost, in point of facility of transfer, than is gained by increasing freedom in their motions. In a wide space the impediment to free motion is less than in a confined tube, and it is natural, therefore, that the effect of increasing fewness of the molecules should begin to tell at an earlier stage of exhaustion : that is, th at the pressure of minimum resistance should be greater than in a tube." Later on we shall quote other experiments on the difference of potential in different parts of a tube in support of this view.
Discharge in miniature tubes.
Experiments on the discharge in miniature tubes gave most unexpected results; for example, in a tube of the dimensions represented of the natural size in fig. 4 , which also represents the arrangement of the apparatus. The terminals in this tube so nearly touched, th at in order to ascertain th at they were not in actual contact, they were connected through a sensitive galvanometer with the opposite poles of a battery of 10 cells. The battery-power was then increased gradually to 2400 cells, when a discharge took place. After this discharge, then a single cell would pass; but if the tube wras allowed to stand for a short time (5 minutes) then it required 4800 cells to reproduce a discharge. From, the great heat of the discharge the terminals became red-hot and the tub© very soon cracked and prevented the repetition of the experiments.
But in another tube of the size shown in fig. 5 fresh experiments were made, the terminals in this tube were distant about xinro^ °f an inch (0'00104) (0'0264 m.m.), the points being of the form shown magnified in fig. 6 after a discharge had taken place.
After the discharge of 2240 cells had passed, then the number of elements had to be increased to 11,240 to produce a discharge, and at last even this number could not cause one except by alternating the current first in one and then in the contrary direction. Ultimately this failed to produce a discharge, but an induction coil did so ; 4 8 2 M ESSRS. W. DE LA RU E AND H. W . M ULLER ON TH E the discharge, however, took place with more facility across the outside of the tube, at ordinary atmospheric pressure, or between the terminals of the coil which were distant A , 0*5625, inch (1*43 centim.).
The tube was sealed off and laid by for a few days, when it was found that 5100 cells would not pass, but that 8700 did so intermittently, and it required 10,160 to produce a continuous discharge. Subsequently 1200 cells passed, 20 would not do so even immediately after the discharge of the former number; 800 cells, 700, and then 600 passed; but after a while the last number was insufficient to produce a discharge. This tube shared the fate of the first tube and ultimately cracked. It is very possible that the strong discharge volatilized a portion of the terminals, which were of platinum, and that this condensed, or that they absorbed the residual gas so completely as to produce a vacuum too perfect to admit of a discharge taking place, and that, ultimately, sufficient of the occluded gas was again given off to render the discharge again possible.
Occlusion o f gas by terminals.
The power of terminals to occlude gas and then under an electric discharge to give it off again is well exemplified by tube 48, the terminals of which are both of palladium. The tube is shown in fig. 7 , one terminal is in the form of a helix, the other straight; Fig. 7. it is 7 inches (17*8 centims.) long, and 1^ inches (3*8 centims.) in diameter, and con tains residual hydrogen. When the tube was new the terminals were bright, but by continued use in consequence of occluding the gas and giving it off again they have become mat or frosted, and porous to a certain depth. W e usually cause the spiral to be negative; after the discharge of a battery of 1200 cells has passed for a few seconds the tube which was at first free from deposit, as in fig. 7 , becomes coated more especially near the negative, with a mirror-like metallic deposit, as in fig. 8 . After the tube has -H b -\ ---------remained at rest for a few days, seven in one instance, this metallic mirror disappears entirely, being absorbed by the terminals; this shows not only that the terminals give off occluded gas and reocclude it, but that there is formed in this particular case a volatile hydrogen-palladium compound. Moreover, the vacuum appears to alter con siderably during the discharge, for a stratification which is produced in the first instance ceases in a short time, but the tube regains its original condition by standing for a few days, and stratification is again produced. The phenomena described have been produced very many times and shown repeatedly to friends who have visited our laboratory since March 13th, 1875.
Length o f spark in dry and in moist air.
Many experiments were made to ascertain the effect of saturation with aqueous vapour on the length of the striking distance; for this purpose the bell-jar and micrometer-discharger, as shown in fig. 9 , were used. The terminals employed were two paraboloidal points. The striking distance with 10,860 cells was found to be in air dried with phosphoric anhydride at a pressure of 30*345 inches (77T centims.) 0*57 inch (1*45 centim.).
The bell-jar was now removed and after having stood for a little while over a dish of water, was then replaced on the plate of the air-pum p; in the bell-jar was placed a beaker, p, containing water to keep up the saturation, under these circumstances the striking distance was then found to be In another series of experiments with 8700 cells, the striking distance in dry air was found to be From these experiments-we arrive at the conclusion that the striking distance is the same in dry air as in air saturated with moisture.
Two separate currents in the same tube.
Several experiments were made in a specially constructed tube with the object of ascertaining the m utual effect of two discharges passing within it first in the same and then in a contrary direction.
Tube 347 consists of an outer tube I f inch (4*4 centims.) in diameter, 31 inches (78'7 centims.) long, and 27f-inches (69'8 centims.) between the terminals, two short pieces of tube, 9 inches (22*8 centims.) long and ^ inch (1'27 centims.) in diameter, are fixed one at each end ; the distance between the open mouths of the small tubes being 13 inches (33 centims.) (see fig. 10 ). Two paraboloidal terminals are sealed in the outer tube and two precisely similar ones are sealed in the small tubes and hold them in their places.
W hen the discharge from a battery of 3600 cells was made to pass through the small tube a close stratification, as in Plate 35, fig. 1 , was produced, which stratifica tion was continued in the interval between the open ends of the small tubes, but of an altered form, wider apart as shown in the figure, which is a facsimile of a photo graph obtained on a dry plate in one second.
W hen the same discharge passed through the outer large tube a continuous stratifi cation was obtained throughout, as shown in Plate 35, fig. 2 . W hen the discharges from two separate batteries, each of 3600 cells, were made to pass in reverse directions, the one in the outer tube having an external resistance of 250,000 ohms inserted, the discharge in the small tubes was the strongest, and an appearance was produced as shown in Plate 35, fig. 3 . I t will be noticed that the effect of this stronger discharge is to completely reveise the convexity of the strata in the middle portion of the outer discharge in the large tube, while the convexity on the two extremities of the outer discharge retains its natural direction. I t would appear, therefore, that the natural discharge in the intervening space in the outer tube is, as it were, replaced by a non-luminous one. When the batteries were kept on for about twenty seconds, or so, these intervening strata graduaily diminished, and at last disappeared entirely, as shown in Plate 35, fig. 4 , where they are replaced by a non-luminous space; but it is very evident, from the shape of the strata where visible, that two discharges continued to take place in the direction proper to each from both sets of term inals; the last stratum of the small tube on the positive side curving upwards into the broad space.
On keeping the batteries in connexion for a further period another remarkable change took place, and the discharge in the larger tube appeared to gain the mastery, its strata in the interval between and above the open ends of the small tubes reappearing with a forward movement one by one at the positive side, the convexities being turned towards the negative, which is the natural direction. The strata in the small tubes did not continue beyond their extremities, and a dark space intervened. These phenomena are shown in Plate 35, fig. 5 . Keeping on the discharge still longer the strata in the small tube disappeared entirely, as shown in Plate 35, fig. 6 . Ultimately, by continuing the discharge, both sets of the strata disappeared, as if one discharge neutralized the other, but these could be reproduced by breaking and remaking the contact with the batteries. I t is very probable when two discharges take place in the same tube in opposite directions th at the column of gas becomes divided longitudinally into two layers, one of which conveys the discharge of one battery, while the other conveys th at of the other battery.
Two separate currents crossing each other at right angles.
In order to ascertain the effect of two discharges from two distinct batteries cross ing each other at right angles, we prepared a tube, No. 344, consisting of two tubes joined at right angles to each other, each tube being 33 inches (83*8 centims.) long and l j inches (2'86 centims.) in diameter. The central portion is showm in fig. 11 . cÎ n the first place the discharge of a battery of 3 6 0 0 cells was sent through one of the tubes containing air at a pressure 0 '4 2 8 m.m., 5 6 3 M, causing a current of 0'01507 ampere, and producing the stratification which is represented in Plate 35, fig. 10 ; 
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3 R which stratification is of the ordinary character, with the exception that, at the crossing of the two tubes, a wider stratum is produced. While the discharge was passing through only one of the tubes a faint illumination was also produced in the two branches of the other, but it was not stratified. The two component tubes were subsequently connected with two separate batteries, each of 3600 cells, A and B ; A with the poles P and N to the vertical component, and B with the poles P ' and N ' to the horizontal one. The effect is represented in Plate 36, fig. 15 . I t will be seen from the configuration of the strata at the cross, in this case when the currents were equal 0*00833 ampere, th at the discharge of A goes from P towards N only as far as the cross, then turns off to the left to N', the negative of the other battery, B, while on the other hand the discharge of B from P' goes to the N of A battery.
The case is different if an external resistance is introduced in one of the discharges, as for instance in Plate 36, fig. 16 , where, by the insertion of a resistance of 500,000 ohms in the B battery connected with the horizontal tube, the current was reduced to about one-tenth (0*00087 ampere) of th at of battery A connected with the vertical tube, the discharge from A battery goes on direct from P to N and the discharge from B from P ' to N'. The different sizes of the two sets of strata render this evident. There is a bending down, however, of the strata of the weaker discharge at the cross in conse quence of the action of the stronger one. One cannot but be impressed from this and other experiments before and hereinafter described by the apparent plasticity of the aggregate assemblage of molecules which constitute a stratum, for it evidently yields to external influences which modify its form. For instance, in Plate 36, fig. 17 , copied from a photograph taken on a dry plate in half a second, the strata at the cross, pro duced by two equal batteries of 3600 cells, are so far modified in both tubes that the curvature of one stratum in each branch is made convex towards the positive instead of concave. The vacuum is of air at a pressure of 0*428 m.m., 563 M. The extremities of the vertical tube are both negative, and those of the horizontal tube positive, so that in each tube positive is opposed to positive and negative to negative.
In Plate 36, fig. 18 , representing a photograph of the tube when containing hydrogen at a pressure of 0*46 m.m., with a separate discharge of 3600 cells in each tube, a very close stratification is produced. The ends of the vertical tube are both negative, those of the horizontal positive, each set of strata pursues its undisturbed course and pro duces a beautiful configuration at the cross where the last stratum in the two horizontal branches remains concave towards its own positive, but in the negative branch becomes convex towards the negative, yielding as it were to the influence ol pressure of the strata from the positive.
In Plate 36, fig. 19 , the two sets of strata follow their proper course leaving a dark interval at the cross between them. The tube contained air at a pressure of 0*428 m.m., 563 M, the batteries used being both 3600 cells, the positive of A battery was connected to the top of the vertical tube, and its negative to the left ELECTRIC DISCHARGE W ITH THE CHLORIDE OF SILVER BATTERY. 4 87 end of the horizontal tube. The positive terminal of B was connected to the right end of the horizontal tube, and its negative to the bottom of the vertical tube. The photograph from which this figure is copied was obtained in half a second.
Plate 36, fig. 20 , represents the discharge through hydrogen at a pressure of 0*46 m.m., 605 M, batteries A and B, each of 3600 cells, the positive pole of A was connected with the left end of the horizontal tube, its negative to the top of the vertical, 2,600,000 ohms external resistance having been introduced in the discharge ; the positive of B battery was connected to the right hand end of the horizontal tube, and its negative to the bottom. In neither set of discharges are distinct strata pro duced at the positive end, and only after passing the cross are such produced. I t would almost seem th a t the resistance introduced in one pair of branches had offered an impediment to the discharge in the other.
Effect on strata of the shape o f the positive terminal.
Experiments were made in order to ascertain whether the form of a point used as a positive terminal had any effect on that of the strata. I t was found, however, that whether the terminal was carefully shaped as a paraboloid, or was simply cylindrical, the strata took precisely the same form as is shown in Plate 35, where fig. 7 represents the discharge in hydrogen from a paraboloidal point, and fig. 8 th at from a cylindrical point.
Complex strata.
The complex configuration of strata in many cases appears to us to present a great difficulty in accounting for their production, and in forming a clear conception of the forces which hold the molecules composing them so persistently together. Usually there is a dark space between the negative terminal and the last stratum on the positive side, but not unfrequently the last stratum or several strata thread them selves on to the negative when it consists of a wire, as, for instance, in tube 346, shown in Plate 35, fig. 9 , containing hydrogen at a pressure of 0*5 m.m., 658 M, with a battery of 3600 cells, and an external resistance 200,000 ohms, producing a current of 0'00238 ampere. A beautiful bracket-like series of strata was produced, two or three of which threaded themselves on to the negative, as is distinctly shown in Plate 35, fig. 9 . Looked at from the end it could be seen that these strata had circular holes in them larger than the negative wire, so th at a small dark space was left. Each stratum consists of an outer bracket convex towards the negative and an inner chord ( fig. 12 ). In P art III., pp. 197-201, we described some experiments with a large tube 37 inches (94 centims.) long, and 5-^f inches (14*8 centims.) in diameter. W e have again taken up the study of the discharge in large tubes 3 feet 2 inches (96*5 centims.) long, and 6 inches (15*24 centims.) in diameter; the resulting phenomena are shown in Plate 35, figs. 11, 12, 13, and 14. In these, which are partly copied from photographs and partly from drawings made at the time in consequence of a to-and-fro movement of the strata preventing well-defined photographs from being obtained :-Plate 35, fig. 11 , exhibits a discharge of 8700 cells with a current of 0*049 ampere in carbonic anhydride at a pressure of about O'5 m.m., 658 M. The strata near the terminals are not large enough to fill the whole bore of the tube, but they spread and become larger as they recede, and form a sort of conical expansion up to the wall of the tube. A rapid flow was observed from the negative with a still increased velocity, at intervals, producing a gap in the flowing strata of three times the interval between them. The three strata near the negative retained their position but rotated rapidly on their axes, and when looked at obliquely appeared dark in the centre and reminded one of a smoke vortex ring.
Plate 35, fig. 12 , represents the appearance in a hydrogen vacuum of about 0*5 m.m., 658 M, with the same number of cells, 8700, producing a current of 0*047 ampere. After a short time the stratification receded towards the positive, leaving a long interval devoid of any towards the negative.
Plate 35, fig. 13 , represents the appearance of a vacuum of nitrogen and bromine with the same number of cells, 8700, giving a current of 0*047 ampere. After the discharge had continued for a few seconds the strata, as in. the case of hydrogen, receded towards the positive end of the tube as shown in Plate 35, fig. 14 .
In all the foregoing cases a very beautiful and distinct stratification was produced, in the first instance, filling the tube ju st as in those of smaller bore, but near the terminals the strata became gradually smaller in a conical form, the gas itself for a certain distance acting as an enclosing tube.
The dark negative space.
In the dark space near the negative end of a vacuum tube the electric discharge is undoubtedly always passing, though not evident to the eye; but its passage is rendered apparent by the great heat at times developed within it, as we have already stated in P art II.* I t occurred to us to endeavour to obtain a record of its passage by means of photography, and tile result shows th at it is actinically dark only by comparison. Tube No. 100, containing a residue of carbonic anhydride, gave, with 2400 cells and an inserted resistance of 200,000 ohms, a current of 0'00335 ampere, which produced a perfectly steady stratification during more than thirty-five minutes the tube was in connexion with the battery. In two and a-half seconds an impression of the strata was obtained on a dry plate, which is represented in Plate 36, fig. 21 . The strata were then carefully covered so as to exclude all their light from the camera and to expose only the dark space; in fifteen minutes an impression was produced on the photographic plate, but it required an exposure of thirty-five minutes to produce an impression as dense as that obtained by an exposure of the strata for two and a-half seconds. The photo graphic intensity of the dark space is therefore 840 times less than that of the strata. The image of the dark space is shown in Plate 36, fig. 21 , below that of the strata; it contains no trace of stratification, although, if any existed, it is fair to presume that it would have been depicted in consequence of the perfect steadiness of the discharge.
Potentials at different nearly aliquot parts o f a column o f
, at various pressures.
The following experiments, intended to ascertain the difference of potential in different parts of a vacuum tube,* bring out instructive information, not only in reference to the relative resistances of different lengths of a column of gas at various pressures, but also in regard of the impediment presented by the terminals themselves to the passage of a discharge from gas to terminal or terminal to gas.
They were made by means of an electrometer in connexion with an induction apparatus shown in fig. 13 , and described in P art III. of our researches.t In the present instance, however, certain modifications were adopted to prevent disturbing influences and to ensure concordant results. In the first place, a trap was formed to prevent the creeping down of electricity on the inside and outside, more especially the outside of the cylindrical glass shade enclosing the induction plates. This trap consists of two hoops of tin foil,J half an inch in width, pasted inside and outside respectively, about 4 inches below the flat top. Both these hoops communicate to earth by means of two vertical strips of tin foil pasted on the cylinder. Before this arrangement was adopted the cylinder became slowly charged, especially in damp weather, and unduly increased the deflection of the needle of the electrometer, by acting inductively on the induction plates.
I t was found very advantageous to connect the needle with a small Leyden-jar § (L, fig. 14) , presenting a coated surface of 57 square inches (3*68 square decims.), and having a capacity of 0'0016 microfarad. The jar, by increasing the capacity of the apparatus, in a great measure obviates the disturbing influence of leakage during the * * * § observations. For the suggestion of the Ley den-jar and the plan of observation about to be described we are indebted to Professor Stokes, by whose advice we have often profited. The arrangement of the apparatus is shown in fig. 14. It will be seen on reference to fig. 14 that a battery of chloride of silver cells, the centre to earth, is used to charge up the opposite quadrants of the electrometer with electricity of opposite names. The number of cells is generally varied from 10 up to 60 in order to regulate the deflection, which can also be varied by varying the distance between the plates P and Q of the induction apparatus.
The needle is connected to the inside of the Leyden-jar L, the outside being permanently connected to earth. By pressing down the key a (which is supposed to represent a mercury connexion, as do also the keys and c) the inside of the jar is connected with the induced plate Q ; before, however, connecting the source of elec tricity with P, the key b is pressed down so as to connect the inside of the jar, the needle, and the induced plate Q to earth ; this may be designated the Q system.
The source of electricity is now connected by means of T T' to the inducing plate P ; this may be designated the P system. No charge under this arrangement is possible in the system Q which is to earth, consequently the needle remains undisturbed.
The wire T' is now disconnected, b raised to disconnect the Q system from earth ; up to this point there is no deflection, but the instant that the P system is discharged to earth by pressing down the key c then there occurs a negative deflection; in order to decrease the leakage to a minimum the key a is raised so as to disconnect Q from the Leyden-jar.
In order to avoid waste of time, and disturbances of the readings by possible leakage by waiting for the needle to come to rest, the resting point was determined by means of a formula from two consecutive turning points.
The diagram fig. 15 represents the zero of the scale, the zero 17 of the readings, the first turning point A, the second turning point B, and the resting point B ; 3 represents the third turning point, and 4 the fourth. c is a factor determined once for all, by causing tne needle to swing by means of an electric charge and then discharging ; so that the subsequent swings are due solely to the torsion of the bifilar suspension. Four sets of observations were made and the needle allowed to come to rest at It in each series. These were very con-1 r cordant, and c came out ---= 0 * 3 4 2 5 by the formula c =^-^, where 1 : is the ratio of the length of one swing to the next, the swings being found to decrease very accurately in geometric progression. By waiting till the needle comes to rest, c may of course be determined directly, by means of the ratio in which any swing is divided by the observed resting point. Thus in fig. 16 , AB : BB : : 1 : c. These two methods of determining c agreed perfectly.
The following results were obtained by making the observations on the plan just described. 
E a r th
° O
EleckTvmeler
The positive pole of the battery was connected to No. 1 rin g ; the negative pole and No. 12 ring to earth, and each third ring in succession from 1 to 12 was connected with the electrometer. The foregoing results are plotted in the diagram, fig. 17 , where the abscissae are the relative distances of the rings, as given in the last column of the above table, and the ordinates the potentials in numbers of cells. These results are shown in the diagram, fig. 18 , in which the abscissae are the relative distances of the rings, as given in the last column of the above table, and the ordinates the potentials in numbers of cells. The following experiments were made in order to ascertain the effect produced on the potential of different parts of a vacuum tube connected at the ends with the opposite poles of an insulated battery when the centre of the tube was put in com munication with earth, fig. 19. 3 T ube 150. CO2.
Battery insulated 8540 cells.
The positive pole was connected to No. 1 rin g ; the negative to No. 17 ring. The centre ring (No. 9) to earth, and each ring in succession connected with the electro meter. Pressure about 0 '5 millimetre*. The deflection was positive between 1 and 9, and negative between 9 and 17.
The diagram, fig. 19 , shows the arrangement of the apparatus. The wire T, T', was connected at T' to each ring in succession from No. 1 to No. 17. 
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The foregoing results are plotted down in fig. 20 , in which abscissae are the distances of the rings and the ordinates the potentials in scale divisions of the electrometer. The following table contains the results of another experiment also with the opposite poles of the battery to opposite ends of the tube, and the centre ring No. 9 to earth. 
Ring.
Potential.
I.
Ratio of potentials.
II. When the opposite poles of the battery were connected to the two end rings and the centre ring No. 9 to earth, the deflections, as we have before said, were all positive between 1 and 9, and all negative between 9 and 17 ; if the connexions with the battery were made previous to the connexion of 9 to earth, and a well-formed steady stratification produced, very little change occurred in it when 9 was connected by me ns of a key to earth; in fact only a slight one in those strata close to the earth ring. The curves, more especially fig. 21 , show that there is no disturbance of the potentials in consequence of the earth connexion in the centre of the tube, but that the whole curve is lifted or depressed so as to cut the axis at that point. The curve ( fig. 22 ) brings out very forcibly how far greater is the obstacle to the passage of the discharge at the negative than at the positive electrode.
Ratio of distances
W e have already called attention in P art TIL of our researches to the far greater obstacle presented by the negative terminal to the passage of a discharge than occurs at the positive.* * We therein described an experiment with a tube in which the negative terminal was a wire 19 inches long which became more and more illuminated as the current was gradually increased. The results are shown in the diagram, fig. 22 .
The foregoing experiments " show clearly," as Professor S t o k e s has pointed o u t to us, " that at high exhaustions nearly the whole of the energy is spent in the passage of the discharge between the gas and the negative electrode. I t seems pretty clear th at the electric potential energy is converted into kinetic energy.
" There appears to be no such difficulty as regards the positive. The increase of change of potential near the positive at moderate exhaustions seems fully accounted for by the contraction of the path of the discharge, as the electricity issues at first from little more than a mere point, and the path at first lies within an approximately conical boundary.
" The experiments bear in an important manner on the theoretical height of the aurora. I t appears th at at high exhaustions gases offer little obstacle to the passage of electricity; only there must be m atter enough to carry it. On the whole the experiments tend to considerably increase the theoretical height, which accords with observation, so far as such observations can be trusted.
" How far the first issue of electricity from a charged cirrus cloud resembles the issue from a metallic electrode is a matter of speculation." 
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Electrical condition o f a gas in a vacuum tube in the vicinity of the negative terminal.
The preceding experiments, in relation to potential at different parts of a column of gas, suggested the desirability of probing the electrical condition of a tube in the vicinity of the terminals, more especially the negative. Professor S t o k es suggested th at this might be conveniently done by means of wires fixed at different distances from it, provided the wires were covered with miniature glass tubes reaching nearly to their extremities. Accordingly a bulb was prepared of the form and construction represented half-size in fig. 23 , in which P is a terminal in the shape of a point, to serve as the positive, N, another in the shape of a ring, to serve as the negative, both In the following experiments variations were made : in one case the battery was insulated and its pole A connected with the point, and its pole Z with the ring; either a stout or a line wire was then led from the ring, negative, to earth. A t other times the battery was uninsulated, the pole A being connected to the point, and the pole Z with earth, and a stout or a fine wire led from the earth connexion to the ring. The stout wire, 0'06 inch diameter, was that ordinarily used in connecting the battery, the fine wire, 3 feet of platinum, 0'002 inch diameter, and having a resistance of 81 ohms at 19°*2 C. Fig. 24, I . and II., shows the different arrangements.
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Q) Earth
In I. the battery is insulated, the silver end A being connected with the point, and the zinc Z with the rin g ; from the negative ring a stout wire is led to the lower portion of the key K, and the earth connexion is made with stout wire to the upper part of the key, so that in the position shown in the figure the communication to earth is through the fine wire, but when K is pressed down then the earth communi cation is through the stout wire.
II, shows the battery uninsulated, the silver end A being connected to the point, and the zinc Z to the upper part of the key. The. ring is connected to earth by a stout wire, and also to the lower part of the key. In the position shown in the figure the discharge has to pass through the fine wire to earth, but when the key is pressed down it passes through the stout wire.
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In the following experiments the inside of the Leyden-jar was in contact sometimes with the negative, at others with the positive terminal of the tube. These results are given in the curve ( fig. 26) . 
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In the following experiments the arrangement I. was employed, that is to say, the poles of an insulated battery were connected with the terminals of the tube, and an earth connexion made either by means of a stout or fine wire to the negative terminal.
Air was introduced, and at various pressures, with 2400 cells, the following results were obtained:- Fig. 27. 
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Potential at the centre and periphery o f a ring negative terminal.
Everyone familiar with the appearance of a stratified discharge will have noticed, when the negative terminal is a ring, th at as the exhaust proceeds a spindle of light approaches and at last protrudes through the interior of it, as shown in fig. 28 , 5.
This spindle is thus a visible exponent of strong action among the molecules of the gas composing it, and it appeared to be of interest to probe its electrical condition. We therefore prepared a tube, No. 363, for this special object with an idle wire, surrounded by a minute glass tube, except its extremity, in the axis of the tube and projecting to a distance of f of an inch (0'95 centim.) from the plane of the ring which was made negative.
The dimensions of the tube are:-Length, 15*5 inches (39*3 centirns.), and L75 inches (4*44 centims.) in diameter, and the distance between the terminals, a point and a ring, 12 inches (30'5 centims).
A battery of 3600 cells was used, the terminal, in the shape of a point, was con nected to the positive pole, and the ring and negative pole of the battery were both connected to earth. The gas used was carbonic anhydride. The full potential of the battery was found to be 313 divisions of the electrometer, that of the idle axial wire at a certain exhaust 142 divisions, equal to 1633 cells. Fig. 28 .
The exhaust was carried further, and it then required 6000 cells to produce a discharge. The tube potential was found to be equal to 2523 cells, and the idle wire, T, 2535 cells, or practically the same as the tube.
Another set of experiments was made with the same tube, and progressively greater and greater exhausts, consequently presenting different appearances of the luminosity at the negative ring as the exhaust was increased. These appearances are shown in fig. 28 , Nos. 1, 2, 3, 4, 5, in which the idle wire, T, is connected with the electrometer.
Divisions.
Ratio to tube potential = 1. 
Idle wire, T potential
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It is evident, therefore, th at as the exhaust increases, and the luminous spindle becomes more developed, the potential of the idle wire, T, augments until it nearly or quite equals that of the whole tube.
In tube No. 363 there was no means of testing the potential on the outside of the negative ring under the same conditions as the centre, so th at another tube, No. 364, was made in which an idle wire, T, w^as in the axis 0*25 inch (0'63 centim.) from the plane of the ring, and another, T', 0T5 inch (0'38 centim.) from its periphery. The tube is 13^ inches (34*3 centims.) long, I f inches (4'44 centims.) in diameter, and inches (24T centims.) between the terminals, and was charged with carbonic anhydride.
W hen 2400 cells were used, the tube potential was found to be 742 cells; the potential of the axial wire, T, was 158 cells, when that of the exterior wire, T', was only 40 cells, so th at the potential of the central wire, T, was J^-= 3 ,9 times that of the external wire T'. The potentials in relation to th at of the whole tube equal 1, were found to be T wire = 0'21, T' =0'054.
Potential across a dark space and stratum respectively.
A t the suggestion of Professor S t o k e s , experiments were made to ascertain the potential across a dark space and also a stratum, several tubes being constructed for th at object. The experiment is an extremely troublesome one, on several accounts; in the first place it is difficult to get a stratum or a space to fall exactly between a pair 509 of idle wires, and although this may be frequently accomplished, even between the same pair, when there is a steady and slow onward motion of the strata, if the battery is left on for a time and the tube becomes gradually heated ; yet even then it requires great dexterity to catch the precise moment at which to make contact with the electrometer. P art of the difficulties may possibly be due to the inherent nature of the discharge itself, which if a pulsating one of a very high order, may be caught at different phases at the instant of contact.
In tube No. 361 charged with carbonic anhydride, 32'5 inches (82*5 centims.) long, and 1*75 inches (4*44 centims.) in diameter, having two terminals, one a point, the other a ring, distant 28'25 inches (71'74 centims.), two idle glass-covered wires were fused into it. No. 1 , 11*75 inches (29'84 centims.), and No. 2 , 12'75 inches (32'38 centims.) from the plane of the ring which was made negative ; the proper position of the idle wires was determined by th at of the strata in a preliminary trial.
The battery used was 3600 cells, the negative pole and the ring terminal were connected to earth.
The tube potential was found to be = 1945 cells., When the electrometer was connected with :- 1, touching a dark s p a c e ................................................. So that when an idle wire either touched the convex or concave side of a stratum, or either side of a dark space, the potential was the same, and approached nearly that o.f the tube when tested at the positive terminal.
W ith the same tube when the two points were made to straddle a stratum or a space, one point, No. 2, connected with the electrometer, and the other, No. 1, to earth, the indications differed. Another series gave results the reverse of this, namely, a greater potential when a dark space intervened, but it is possible that the connexion with the electrometer was not made precisely at the proper moment. Taking the mean of several other sets, the balance of the results is in favour of the potential being greatest when a stratum intervenes, for example :-
Stratum.
Space. 1-243 1 1-327 1 1-081 1
Mean D243 1
A series of experiments were made with tube No. 362 having a hydrogen charge; a battery of 3600 cells being used, which gave a current of 0'04686 ampere through it. b, c, d, as shown in fig. 28, 6 , but only two were used, namely, c and d, 1 inch (2*54 centims.) apart; and a stratum or a space was made to intervene between them. The positive pole wT as connected to the terminal in the shape of a point, and the negative to the ring which -was also connected to earth. These figures may be taken as fairly representing the whole series of observations. 1*229, which agrees well with the ratio before cited as th at of the potential of a stratum to th at of a space = 1 ; and we think that it may be fairly assumed that the potential is really greater when a stratum is straddled than when a space is straddled.
Eddies in an electric discharge through a vacuum tube.
On testing the discharge between two idle wires distant ■ § inch (1 * 6 centim.) with a T h o m so n galvanometer, the current was found sometimes to go in the reverse direction to that of the main current. In order to fix with certainty this pheno menon in one's mind the current was at first sent through a fine platinum wire 26 inches (66'04 centims.) long, and 0'002 inch (0'005 centim.) in diameter, leading wires from a Thomson galvanometer were connected inch (1*27 centim.) apart with the middle of the wire, the deflection of the galvanometer to the right showed that the current was as anticipated in the same direction in this fraction as in the whole wire. The deflection through the wire was 162 divisions with 9 -^-9 shunt, =161,200 75*o volts without shunt, =7--------to the right. W hen a moistened thread was substituted 1 megohm 0 for the fine wire the effect was the same. When, however, a vacuum tube was employed, then evidence was frequently obtained of a current in a contrary direction. W ith tube No. 365, 2 1 § inches (55*25 centims.) long, with 3600 cells, a series of eleven pairs of beautiful double strata like those in Plate 16, fig. 3 , P art III., were obtained, fig. 29 , 1 ; these were perfectly steady. Two idle wires, 9 § inches (24'8 On introducing a resistance of 500,000 ohms in the current, a pink stratification of nineteen strata was obtained like that in Plate 16, fig. 4 , P art III., fig. 30 , 2 . The W ith tube No. 362 hydrogen charge and a battery of 2400 cells, the strata were tongue-shaped as in P art II.,t Plate 15, fig. 1 1 ; two touch points 1 inch (2 * 5 4 centims.) apart were connected with a T h o m so n galvanometer. I t was noticed that there was a strong deflection to the left (the deflection through a wire being to the right) when the base of a stratum touched the idle wire nearest the positive terminal and its apex pointed in the direction of the negative, but rose above it towards the opposite dia meter of the tube, fig. 29, 3 . W hen the apex of the tongue pointed in the reverse position so as to touch the idle wire next the negative and the base went to the other side of the tube above the idle wire near the positive, fig. 29, 4 , then the deflection was in a contrary direction (that is the same as through a wire). W hen the tongues crossed the axis of the tube nearly at right angles, then there was an oscillation of the needle, first in one direction then in the other, according as the strata altered their position slightly with regard to the direction of the apex and base of the tongue.
The following are the readings without any s h u n t:- Sometimes when a deflection took place in the same direction as the current through a wire, and had arrived at its maximum, then a slow oscillation was observed in the deflection, the needle moving backwards and forwards for about 2 0 divisions when the full deflexion was 290, or 0'068 of the total deflection. Another tube was made to test whether there is a current at right angles to the column of gas ; namely No. 366, 2 1 -| inches (54*61 centims.) long, and lj-inches (4 * 1 centims.) in diameter, in it are sealed five idle wires, 1 , 2 , 3 , 4, 5. No. 3 is 5 \inches (14 centims.) from the positive. Nos. 3, 5, 1 are all in a longitudinal line on the same side of the tube, 4 and 2 in line on the opposite side; 4 is diametrically opposite to 3, 2 diametrically opposite to 1 . The tube with its wires is shown in fig. 30, 1, 2, 3 ; the opposite wires of the galvanometer are marked a and Fig. 30 .
T h e c h a rg e w a s h y d r o g e n , a n d 2 4 0 0 c e lls w e r e u s e d . I n t h e f i r s t p la c e t h e g a lv a n om e t e r w a s c o n n e c te d w i t h tw o w ire s i n a l o n g i tu d i n a l d ir e c tio n , t h e g a lv a n o m e te r w ire b to t h e id le w ire 5, t h e g a l v a n o m e te r w ir e a t o t h e id le w ir e 1 ; t h e id le w ire s a t t h i s t i m e s t r a d d l e d b o t h a s t r a t u m a n d a sp a c e .
T h e d e f le c tio n w a s t o t h e r i g h t , T h e w ire s o f t h e g a lv a n o m e te r w e r e n o w r e v e r s e d , a t o 5 a n d to 1, t h e d e fle c tio n w a s n o w to t h e le ft, b u t t h e g a lv a n o m e te r c o n n e x io n h a v i n g b e e n r e v e r s e d , t h e sig n w a s t h e s a m e as in t h e p re c e d in g . I t is evident, therefore, th a t there is a current sometimes in one direction, some times in the contrary, across a diameter of the tube, as if the motion of the molecules conveying the discharge was of an epieycloidal character. By way of comparison a tin-plate, 14J inches (36'8 centims.) long and 5 | inches (14 centims.) wide, with circular ends, was made ; a connecting clamp was soldered to each end and two others across a central diameter. The direction of the current was ascertained when the poles of the battery were connected one to each end of the plate, and the opposite wires of the galvanometer also one to each end. Then the two clamps across a central diameter were connected alternately with the opposite ends of the galvanometer, the terminals remaining connected with the ends of the plate, but no deflections occurred even without a shunt.
One of the main objects of the experiments recorded in this paper was to endeavour to discover some of the obscure secrets of the electric discharge through gases. Although many more will undoubtedly have to be made before a theory can be formed which will account even for a few of the complex phenomena presented by this dis charge, yet every onward step, however small, brings us nearer to the goal, and we shall consider ourselves well rewarded if we have advanced the frontier in the very smallest degree. W e believe th at what we have done has secured some advance, and rendered evident th a t electricity is always conveyed in gases by ponderable matter and not by the so-called e th e r; moreover, th at there are eddies in the discharge in a vacuum tube, and th at it is possible that these eddies may be connected with the production of strata whose form would depend on the kind of eddy originally pro duced. This recalls the phenomena figured in P art III., Plate 8 , fig. 34 ;* in this is seen an eddy of strata through small holes in a tube confining the main discharge.
W e have much pleasure in thanking Professor S t o k e s for his many valuable suggestions, and for his kind advice generally, during the course of this investi gation. To our chief assistant, Mr. J a m e s F r a m , we are indebted for able and zealous co-operation, and we wish to place on record the excellent services of our junior assistant, Mr. Our battery now consists of 15,000 cells, all of tbe form in which the chloride of silver is fused into rods on a flattened silver wire,* On the occasion of a lecture given by one of us at the Royal Institution on January 2 1 , 1881, 14,400 cells, partly of the rod form, partly of the chloride in powder form, were used; the length of the spark with this number between paraboloidal points was 0 *7 inch (17*8 millims.), and between a point and disc 0*62 inch (15 *7millims.). I t will be recollected that in P art I. of our researches,! we obtained with 1 1 , 0 0 0 cells between two points a spark 0'62 inch long, and between a point and disc one 0*47 inch long. I t does not appear, therefore, that the law of the spark being as the square of the number of cells holds good beyond a certain num ber; the falling off may be in part due, however, to the failure of insulation as the potential is increased. Since the removal of the battery from the Royal Institution we have not charged up the whole of it, as the experiments on which we have been engaged did not necessitate more than 1 1 , 0 0 0 cells.
We have recently (May 1 0 -July 4) repeated the experiments on the question of the polarisation of the terminals on a discharge taking place in gases, and have obtained the same results as those already described;! they confirm, therefore, our previously expressed opinion, § th at the experiments point conclusively to the deduc tion that the small current, which is observed when the terminals of a vacuum tube (in which a discharge has taken place) are disconnected from the battery and instantaneously connected with a galvanometer, is due solely to a static charge and not to chemical 
